The purpose of this study was to determine the risk factors for root surface caries in the elderly and to evaluate the factors associated with gingival recession, one of the main risk factors for root surface caries. A total of 153 elderly people (35 men, 118 women) aged between 60 and 94 years ‫5.7ע5.37(‬ years) were surveyed. All participants were relatively healthy elderly who did not need special care in their daily lives. The survey was conducted in Chiba prefecture, Japan, and oral examinations and a questionnaire with face-to-face interviews were also carried out. Correlation analysis revealed that number of present teeth (pϽ0.001), gingival recession (pϽ0.001), bleeding on probing (pϽ0.001) and presence or absence of dentures (pϽ0.05) were significantly correlated with number of root surface caries. Stepwise multiple linear regression analysis for root surface caries revealed that the risk factors for increasing numbers of teeth with root surface caries were number of teeth with gingival recession (pϽ0.0001), bleeding on probing (p‫)7100.0ס‬ and self-reported dry mouth (p‫.)4540.0ס‬ Sex (pϽ0.05), number of present teeth (pϽ0.001), bleeding on probing (pϽ0.01), the presence or absence of systemic disease (pϽ0.01), dentures (pϽ0.01), drinking alcohol (pϽ0.01) and smoking (pϽ0.01) were significantly correlated with amount of gingival recession by correlation analysis. Moreover, the risk factors for increasing number of teeth with gingival recession were living in an institution (p‫,)4420.0ס‬ number of present teeth (pϽ0.0001) and smoking (p‫,)7300.0ס‬ as determined by stepwise multiple linear regression analysis for gingival recession.
Introduction
Root surface caries is a significant oral health problem in the elderly, and the incidence of root surface caries has been found to be one of the main risk factors for tooth loss in older
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The Japanese government launched the "Healthy Japan 21" campaign in 2000 with 2010 as the target year, and the Ministry of Health, Labor and Welfare set goals within nine areas. One of these areas was oral health, and one of the four goals they set for 2010 in Healthy Japan 21 was the prevention of tooth loss 10) . Therefore, it is important to prevent the occurrence of root surface caries in older adults to prevent tooth loss in Japan. However, we do not have any national-survey data regarding root surface caries.
We have reported the prevalence, diagnosis, treatment and prevention of root surface caries in Japan since 1991 8, 11, 12, 16) . In 1993, we reported that the prevalence of root surface caries (active root caries and root fillings) in 770 company employees was 1.3% in those aged 20-29 years, 10.5% in those aged 30-39, 18 .5% in those aged 40-49 and 36.3% in those aged 50-59 11) . We also reported in 1994 that the prevalence of root surface caries (active root caries and root fillings) in 161 healthy elderly was 24.5% in those aged 60-69 years, 21 .6% in those aged 70-79 and 20.6% in those aged 80 and over 12) . We found that the percentage of subjects with root surface caries increased with age in adults but did not increase with age in the elderly due to the decreasing number of present teeth.
Saunders and Meyerowitz 13) reported that the occurrence of root surface caries in the elderly differs from that in younger people in that older people have many additional risk factors that increase their susceptibility to it. Furthermore, we analyzed the risk factors for root surface caries using previous data on the elderly 12, 15) . The purpose of this study was to determine the risk factors for root surface caries in the elderly. Moreover, we evaluated the factors associated with gingival recession, which are significant risk factors for root surface caries.
Materials and Methods

Participant characteristics and methods
A total of 265 elderly aged 60-94 years were examined between 1990 and 1991 15) . The participants consisted of institutionalized and non-institutionalized elderly. All participants were relatively healthy and dentate and did not need special care in their daily lives. The survey was conducted in Chiba prefecture, Japan. The oral examinations were based on WHO criteria 19) . A questionnaire with faceto-face interviews was carried out by three dentists. We only analyzed 153 of the 161 responses to the questionnaires.
Diagnostic criteria in root surface caries and gingival recession
The prevalence of root caries in this study was assessed by focusing on active-root and filled-root lesions. Active lesions (soft lesions) were defined as those that were located at the cement-enamel junction (CEJ) or on the root surface only. Lesions comprised well-defined, softened and discolored areas which the explorer entered easily but displayed some resistance on withdrawal from. Recurrent softened lesions were also recorded as active lesions. Restoration strictly confined to the root surface was recorded as a filled lesion. When the original caries area that had been treated was uncertain, more than half the filling material located on the root surface was recorded as root fillings. Gingival recession was considered present if any root surface was clearly visible.
Data analysis
For the correlation analysis, Pearson's correlation coefficients were calculated between the number of root surface caries or teeth with gingival recession and binary variables. Spearman's rank correlation coefficients were calculated between the number of surface caries or teeth with gingival recession and continuous variables. Stepwise multiple linear regression analysis was used to determine which risk factors were significantly associated with number of root surface caries and teeth with gingival recession, and these were described as partial regression coefficients with SE, standardized partial regression coefficients and provability. Statistical significance was set at pϽ0.05. The statistics were analyzed with the SAS version 9.1 for Windows (SAS Institute, Cary, NC, USA). Table 2 lists the health behaviors and habits of the participants. The mean number of times teeth were brushed was 2.0 and that for the intake of snacks was 1.0 per day. We investigated their dental visits regarding three dentalcare utilization patterns: dental visits made in the past year, visits to the same dentist and regularity of visits. Eighty participants (52.3%) who made dental visits in the past year, 102 (66.7%) had visited the same dentist and 10 (6.5%) had had regular dental check-ups. In terms of habits, 31 (20.3%) drank alcohol regularly and 24 (15.7%) were smokers.
Results
The results of the correlation analysis between number of root caries and risk factors are shown in Table 3 . Number of present teeth, teeth with gingival recession, and teeth with bleeding on probing obtained with Pearson's correlation coefficient, and the presence or absence of dentures obtained with Spearman's rank correlation coefficient were significantly correlated with the number of root surface caries. We performed stepwise multiple linear regression analysis to determine which factors were associated with root surface caries after forcing sex and age in the model (Table 4) . The dependent variable was number of root surface caries and the independent variables were the 19 factors listed in Table 3 . Based on a priori entry and exit criteria, stepwise-model building resulted in a final linear regression Table 3 . This model included compulsory sex and age to adjust for confounding factors. model that included five variables: sex, age, teeth with gingival recession, bleeding on probing and self-reported dry mouth. From this analysis, the risk factors for increasing the number of teeth with root surface caries were number of teeth with gingival recession (pϽ0.0001), number of teeth with bleeding on probing (p‫)7100.0ס‬ and having a selfreported dry mouth (p‫.)4540.0ס‬
The results of correlation analysis between the number of teeth with gingival recession and risk factors are listed in Table 5 . Number of present teeth and teeth with bleeding on probing obtained with Pearson's correlation coefficient, and sex, systemic disease, dentures, drinking alcohol and smoking obtained with Spearman's rank correlation coefficient were significantly correlated with gingival recession. We performed stepwise linear multiple regression analysis to determine which factors were associated with gingival recession after forcing sex and age in the model (Table 6 ). The dependent variable was the number of teeth with gingival recession and the independent variables were the 18 factors listed in Table 5 . Based on a priori entry and exit criteria, stepwise-model building resulted in a final linear regression model that included six variables: sex, age, living situation, number of present teeth, smoking and systemic disease. The risk factors from this analysis for increasing the number of teeth with gingival recession were living in an institution (p‫ס‬ 0.0244), number of present teeth (pϽ0.0001) and smoking (p‫.)7300.0ס‬
Discussion
Extensive epidemiological studies on risk factors for root surface caries have been carried out by numerous investigators throughout the world 1, 13) . Japanese epidemiological studies on the elderly 4, 5, 17) have reported that having decayed roots, mean loss of attachment (Ն3.6), prosthetic crowns (Ն2), higher mutans streptococci and lactobacilli levels, poor oral-hygiene status, low salivary flow, perceived dry mouth, interdental brushing or dental flossing and a high body mass index (Ͼ20) were significant risk factors for root surface caries. Also, Yoshihara et al. reported that older people with hypoalbuminemia were at high risk for root caries and the intake of milk and milk products was negatively correlated with root caries events 20, 21) . The definition of root surface caries is the occurrence of dental cavities in exposed roots and the main cause of root surface caries is gingival recession, including loss of attachment. In this study, number of teeth with gingival recession was also the most significant risk factor for root surface caries. In addition, periodontal status (bleeding on probing) and self-reported dry mouth were risk factors for root surface caries. Table 5 . This model included compulsory sex and age to adjust for confounding factors.
To prevent root surface caries, we should first prevent gingival recession and, if not possible, then prevent demineralization of exposed roots. Therefore, we evaluated not only the risk factors for root surface caries but also the risk factors for gingival recession in this study. Frequent tooth-brushing and poor oral health were significant risk factors in epidemiological studies on gingival recession in adults 6, 18) . Smoking was also a significant risk factor for periodontal disease 2, 9) . In this study, living in an institution, number of present teeth and smoking were significant risk factors for gingival recession. As non-institutionalized elderly had more present teeth and smoked more frequently than the institutionalized elderly 15) , number of teeth with gingival recession may be significantly associated with living situation. Slade et al. reported that pre-existing sociodemographic factors prior to institutionalization were responsible for the higher probability of oral disease 14) . We were unable to clearly identify the causality between root surface caries or gingival recession and associated factors because this study was a cross-sectional survey. However, number of teeth with gingival recession, bleeding on probing and self-reported dry mouth were significantly associated with number of root surface caries. Furthermore, living situation, number of present teeth and regular smoking were significantly associated with number of teeth with gingival recession.
